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ABSTRACT 



A method and device are provided for determining distrib- 
uted signal sources of a base station that includes a pair of 
circular array antennas that maintain a predetermined dis- 
tance from each other. The method and device may estimate 
primary central vertical angles of the distributed signal 
sources received by each sensor according to TLS-ESPRIT, 
for example. The method and device may further convert a 
2-dimensional cost function into a first 1-dimensional cost 
function by using the estimated primary central vertical 
angles of the distributed signal sources. Central horizontal 
angles may be estimated by making the first 1-dimensional 
cost function have a maximum. The 2-dimensional cost 
function may be converted into a second 1-dimensional cost 
function by using the estimated central horizontal angles of 
the distributed signal sources. The central vertical angles 
may be estimated by making the second 1-dimensional 
function have a maximum. 
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METHOD AND DEVICE FOR DETERMINING 
DISTRIBUTED SIGNAL SOURCES OF A BASE 

STATION 

[0001] The present application claims priority from 
Korean Patent Application No. 33479/2003, filed May 26, 
2003, the subject matter of which is incorporated herein by 
reference. 

BACKGROUND OF THE INVENTION 
[0002] 1. Field of the Invention 

[0003] Embodiments of the present invention may relate 
to determining signal sources of a mobile communication 
base station. More particularly, embodiments of the present 
invention may relate to a method and device for determining 
distributed signal sources of a base station having adaptive 
antennas. 2. Background of Related Art 

[0004] In a mobile communication system, radio signals 
may be transmitted through multiple paths and thus may 
become distributed signal sources. A base station may esti- 
mate signal arrival directions of the distributed signal 
sources (i.e., a direction of a mobile communication termi- 
nal) by using a circular array antenna 10 as shown in FIG. 
1. In the circular array antenna 10, a plurality of sensors 20 
may be arranged at predetermined intervals along a circum- 
ference of a radius R from an axis 30. 

[0005] Each of the sensors 20 of the circular array antenna 
10 may individually perform an antenna function. When 
each sensor 20 receives signals from one signal source, the 
received signals may have phase differences. The base 
station may estimate optimum signal arrival directions and 
form beams in the estimated direction by compensating for 
or correcting the phase differences of the received signals. 

[0006] FIG. 2 is a diagram of a device for determining 
signal sources of a base station by using the circular array 
antenna 10 according to an example arrangement. Other 
arrangements are also possible. 

[0007] The device for determining the signal sources of 
the base station may include a 2-D searching unit 40 for 
simultaneously estimating central vertical angles and central 
horizontal angles of distributed signal sources from the 
circular array antenna 10 by using a 2-D cost function (i.e., 
a 2-dimensional cost function). The device may also include 
a control unit 50 to form beams in signal arrival directions 
of the distributed signal sources by using the central vertical 
angles and the central horizontal angles estimated by the 2-D 
searching unit 40. 

[0008] When estimating the signal arrival directions of the 
distributed signal sources by using one circular array 
antenna 10, the base station may use the 2-D cost function 
(or the 2-dimensional decision function) such as the follow- 
ing Formula 1 having the central vertical angles and the 
central horizontal angles as parameters: 



V(9, ^) = 



1 



Formula 1 



vector matrix, i['(0,(|)) which is LxL is a diagonal matrix 
satisfying il)(e,c|))=diag(eJ^^i ® <^<<P-yi)^ , _ ^ gj^^ ® 
cos(<i>-Y^^), 1] is a constant number relating to the radius R of 
the circular array antenna and the distance between the 
sensors 10, is 



2t(A; - 1) 



[0010] and L is a number of the sensors 20. 

[0011] The 2-D cost function has been described in Q. 
Wan and Y.-N. Peng, "Low-Complexity Estimator for Four- 
Dimensional Parameters Under a Reparameterized Distrib- 
uted Source Model," IEEE Proc. -Radar, Sonar, Navig., vol. 
148, pp. 313-317, December 2001, the subject matter of 
which is incorporated herein by reference. 

[0012] The distributed signal sources received by the 

sensors 20 of the circular array antenna 10 may be trans- 
mitted to the 2-D searching unit 40. The 2-D searching unit 
40 may set an initial value according to Newton's method, 
and simultaneously estimate values such that the 2-D cost 
function has a maximum value as set forth in the following 
Formula 2 (i.e., optimum central vertical angles and central 
horizontal angles of the distributed signal sources on the 
basis of the set initial value): 



{e, i?) = argmax V{0, <p) 



Formula 2 



[0009] Here, ^^^^J^J^ is the maximum eigenvalue of the 
matrix T(6,(|))=Eg Tj)(6,(|))E5*i|)(6,(())Eg, E^ is a signal eigen- 



[0013] When the estimated central vertical angles and 
central horizontal angles of the distributed signal sources are 
solutions making the 2-D cost function have a global maxi- 
mum, not a local maximum, the control unit 50 may control 
formation of antenna beams in the directions of the esti- 
mated central vertical angles and central horizontal angles 
(i.e., namely in the signal arrival directions of the corre- 
sponding distributed signal sources). 

[0014] Newton's method is a method to calculate a solu- 
tion of a nonlinear multidimensional function. However, it 
may be difficult to always obtain the solution of the non- 
linear multidimensional function. The initial value set 
according to Newton's method may be an approximate value 
of the solution (x of FIG. 3) making the 2-D cost function 
have a global maximum. However, it may be more likely 
that the initial value is an approximate value of the solution 
(x of FIG. 3) making the 2-D cost function have a local 
maximum. 

[0015] Accordingly, a device to determine the distributed 
signal sources of the base station that calculates the 2-D cost 
function by using the distributed signal sources from one 
circular array antenna may set the initial value according to 
Newton's method, and obtain the solution making the 2-D 
cost function have the local maximum on the basis of the set 
initial value. Optimum signal arrival directions of the dis- 
tributed signal sources may then not be obtained (or esti- 
mated). 

[0016] In addition, a device to determine the distributed 
signal sources of the base station may simultaneously esti- 
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mate the central vertical angles and the central horizontal 
angles when the nonlinear 2-D cost function has the maxi- 
mum (or minimum), and also estimate the optimum central 
vertical angles and central horizontal angles, avoiding local 
maximum problems of the nonlinear 2-D function for the 
whole distributed signal sources, thereby requiring calcula- 
tions to estimate the signal arrival directions of the distrib- 
uted signal sources. As a result, the device to determine the 
distributed signal sources of the base station may generate 
loads on the beam formation system using one circular array 
antenna (or adaptive antenna). 

SUMMARY OF THE INVENTION 

[0017] Embodiments of the present invention may provide 
a method and device for determining distributed signal 
sources of a base station that can reduce complexity of a 
method for estimating signal arrival directions of the dis- 
tributed signal sources and prevent local maximum prob- 
lems. This may be accomplished by estimating primary 
central vertical angles of the distributed signal sources by 
using a pair of circular array antennas. This may also be 
accomplished by estimating central horizontal angles of the 
distributed signal sources by applying the estimated primary 
central vertical angles to a 2-D cost function, and estimating 
central vertical angles of the distributed signal sources by 
applying the estimated central horizontal angles to the 2-D 
cost function. 

[0018] A device may be provided for determining distrib- 
uted signal sources of a base station that includes a pair of 

circular array antennas, a preprocessing unit, a central 
horizontal angle searching unit, and a central vertical angle 
searching unit. The pair of circular array antennas may be 
maintained a predetermined distance from each other (in the 
up/down direction). The preprocessing unit may estimate a 
primary central vertical angle of the distributed signal source 
from the pair of circular array antennas. The central hori- 
zontal angle searching unit may estimate a central horizontal 
angle of the distributed signal source by using the estimated 
primary central vertical angle. The central vertical angle 
searching unit may estimate a central vertical angle of the 
distributed signal source by using the estimated central 
horizontal angle. 

[0019] A method may be provided for determining dis- 
tributed signal sources of a base station. This may include 
receiving the distributed signal sources from each sensor on 
a pair of circular array antennas and estimating primary 
central vertical angles of the received distributed signal 
sources. This may also include estimating a central horizon- 
tal angle of one distributed signal source by using the 
primary central vertical angle of the distributed signal source 
and estimating a central vertical angle of the distributed 
signal source by using the estimated central horizontal 
angle. 

[0020] The foregoing objects, features, aspects, advan- 
tages and/or embodiments of the present invention may 
become more apparent from the following detailed descrip- 
tion when taken in conjunction with the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] The accompanying drawings, which are included 
to provide a further understanding of the invention and are 



incorporated in and constitute a part of this specification, 
illustrate arrangements and embodiments of the invention 
and together with the description serve to fiurther explain the 
principles of the invention. 

[0022] The following represent brief descriptions of the 
drawing in which like reference numerals represent like 
elements and wherein: 

[0023] FIG. 1 is a diagram of a circular array antenna of 
a base station according to an example arrangement; 

[0024] FIG. 2 is a diagram of a device for determining 
signal sources of a base station by using a circular array 
antenna according to an example arrangement 

[0025] FIG. 3 is a graph showing examples of a global 
maximum and a local maximum; 

[0026] FIG. 4 is a diagram of a pair of circular array 
antennas in accordance with an example embodiment of the 
present invention; 

[0027] FIG. 5 is a diagram of a device for determining 
distributed signal sources of a base station in accordance 
with an example embodiment of the present invention; and 

[0028] FIG. 6 is a flowchart showing a method of deter- 
mining distributed signal sources of a base station in accor- 
dance with an example embodiment of the present inven- 
tion. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0029] Embodiments of the present invention may employ 
a pau of circular array antennas as will be described below 
with respect to the accompanying drawings. 

[0030] FIG. 4 is a diagram of a pair of circular array 
antennas in accordance with an example embodiment of the 
present invention. Other embodiments and configurations 
are also within the scope of the present invention. More 
specifically, FIG. 4 shows a pair of circular array antennas 
100 such as a first circular array antenna 10 and a second 
circular array antenna 10' disposed in upper and lower sides 
and having their axes on a similar line. The sensors 20 of the 
first circular array antenna 10 and the sensors 20' of the 
second circular array antenna 10' may be maintained a 
distance d apart from each other. The distance d may be a 
multiple of a wavelength X, for example, K/2 or K. 

[0031] Each of the distributed signal sources received by 
the pair of circular array antennas 100 may have a central 
vertical angle 9, a vertical angle distribution cTq, a central 
horizontal angle and a horizontal angle distribution a^. 
Embodiments of the present invention may estimate signal 
arrival directions of the distributed signal sources and thus 
avoid estimating the vertical angle distribution Oq and the 
horizontal angle distribution o^. 

[0032] FIG. 5 is a diagram of a device for determining 
distributed signal sources of a base station in accordance 
with an example embodiment of the present invention. Other 
embodiments and configurations are also within the scope of 
the present invention. 

[0033] As shown in FIG. 5, the device for determining the 
distributed signal sources of the base station may include a 
pair of circular array antennas 100 that maintain a prede- 
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termined distance between first and second circular array 
antennas 10 and 10'. The device may also include a prepro- 
cessing unit 110 to estimate primary central vertical angles 
of the distributed signal sources from the pair of circular 
array antennas 100. A central horizontal angle searching unit 
120 may also be provided to generate a 1-D cost function by 
applying the estimated primary central vertical angles to a 
2-D cost function, and to estimate central horizontal angles 
of the distributed signal sources by using the 1-D cost 
function. A central vertical angle searching unit 130 may 
generate a 1-D cost function by applying the estimated 
central horizontal angles to the 2-D cost function and 
estimate central vertical angles of the distributed signal 
sources by using the 1-D cost function. A control unit 140 
may form a beam in a signal arrival direction of each 
distributed signal source by using the estimated central 
vertical angles and central horizontal angles. 

[0034] When estimating the primary central vertical 
angles of the distributed signal sources, the preprocessing 
unit 110 may employ a MUSIC method, a maximum like- 
lihood (ML) method, or a total least square-estimation of 
signal parameters via rotational invariance techniques (TLS- 
ESPRIT), for example. Other methods or methodologies are 
also within the scope of the present invention. The MUSIC 
method may estimate signal arrival directions satisfying 
orthogonality in a spectral-based point by using orthogonal- 
ity between noise -related eigenvectors obtained by intrinsi- 
cally separating a co variance matrix and control vectors for 
the real signal arrival directions. The ML method may find 
out variables for minimizing differences between a covari- 
ance matrix estimated by a parametric model and a theo- 
retical covariance matrix including unknown variables. The 
TLS-ESPRIT may estimate signal arrival directions by using 
the structural characteristics of an antenna in a dot signal 
source model. TLS-ESPRIT has been described in R. Roy 
and T Kailath, "ESPRIT-Estimation of Signal Parameters 
Via Rotational Invariance Techniques", IEEE Trans. 
Acoust., Speech, Signal Process., vol. 37, pp. 984-995, July 
1989, the subject matter of which is incorporated herein by 
reference. 

[0035] The distributed signal sources may be received by 
the pair of circular array antennas 100 that maintain the 
predetermined distance from each other. Therefore, the 
TLS-ESPRIT used in the preprocessing unit 110 may obtain 
some relation between the control vectors of the pair of 
circular array antennas 100, display some relation as a 
matrix, and primarily estimate central vertical angles of the 
distributed signal sources from the relation between the 
eigenvectors of the matrix and the covariance matrix. 

[0036] The ML method may more precisely estimate the 
signal arrival directions. However, because the ML method 

may estimate the signal arrival directions by using a non- 
linear multidirectional function, the ML method may be very 
complicated, and require a good deal of time to process the 
corresponding signals. Accordingly, embodiments of the 
present invention may use the TLS-ESPRIT to estimate the 
primary central vertical angles of the distributed signal 
sources. 

[0037] Operation of the device for determining the dis- 
tributed signal sources of the base station in accordance with 
an example embodiment of the present invention will now 
be described. 



[0038] FIG. 6 is a flowchart showing a method of deter- 
mining distributed signal sources of a base station in accor- 
dance with an example embodiment of the present inven- 
tion. Other embodiments, operations and orders of operation 
are also within the scope of the present invention. 

[0039] When the pair of circular array antennas 100 main- 
taining the predetermined distance d from each other (in the 
up/down direction) receive distributed signals, the prepro- 
cessing unit 110 may estimate the primary central vertical 
angles G of the distributed signals received by each sensor 20 
and 20' (of the pair of circular array antennas 100) according 
to TLS-ESPRIT by using incident angles and phase differ- 
ences of the distributed signals. The primary central vertical 
angles 9 may not provide solutions making the 2-D cost 
function have a global maximum, but may provide approxi- 
mate values of the solutions. The preprocessing unit 110 
may estimate the primary central vertical angles 0 of the 
whole distributed signal sources received by the pair of 
circular array antennas 100 (e.g., q distributed signals when 
a number of the distributed signal sources is q) (S20). 

[0040] The central horizontal angle searching unit 120 
may receive and input the primary central vertical angle 6- 
for solving 2-dimensional optimization problems as shown 
in formula 2 as central vertical angle variable 6^, and thus 
convert the 2-D cost function into a 1-D cost function for 
determining the central horizontal angle variable (t)^, as 
shown by the following formula 3: 



d>i = argmax V(9i, <p) 



Formula 3 



[0041] Here, G- denotes the central vertical angle variable 
of the i-th distributed signal source, and (|)- denotes the 
central horizontal angle variable of the i-th distributed signal 
source. 

[0042] The central horizontal angle searching unit 120 
may estimate the solution using the 1-D function having the 
global maximum (i.e., the central horizontal angle ({>■ of the 

1- th distributed signal source) (S22). The method for obtain- 
ing the solution of the 1-D function may be much easier in 
calculation than the method for obtaining the solution of the 
nonlinear 2-D function, and therefore may not obtain the 
solution having the local maximum. 

[0043] The central vertical angle searching unit 130 may 
receive and input the estimated central horizontal angle ^- of 
the i-th distributed signal source to the formula for solving 

2- D optimization problems as shown in formula 2 as the 
central horizontal angle variable and thus convert the 2-D 
cost function into a 1-D function for determining the central 
vertical angle variable G^, as represented by following for- 
mula 4: 



9i = argmax V[0i, 4>i) 



Fonnula4 



[0044] Thereafter, the central vertical angle searching unit 
130 may estimate the solution making the 1-D function have 
the global maximum (i.e., the central horizontal angle 6j, of 
the i-th distributed signal source) (S24). 
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[0045] The central horizontal angle searching unit 120 and 
the central vertical angle searching unit 130 may confirm 
whether the central vertical angles and the central horizontal 
angles for q distributed signal sources have all been esti- 
mated. The central horizontal angle searching unit 120 and 
the central vertical angle searching unit 130 may sequen- 
tially perform estimation of the central horizontal angle 
using the primary central vertical angle, and perform esti- 
mation of the central vertical angle using the estimated 
central horizontal angle until the central vertical angles and 
the central horizontal angles for q distributed signal sources 
have all been estimated (S26). 

[0046] When the central vertical angles and the central 

horizontal angles for q distributed signal sources have all 
been estimated, the control unit 140 may control beam 
formation in the signal arrival direction of each distributed 
signal source. 

[0047] Embodiments of the present invention may include 

a method and device for determining (or searching for) the 
distributed signal sources of the base station so as to simplify 
primary estimation calculation and prevent local maximum 
problems by primarily estimating the central vertical angles 
of the distributed signal sources received by the pair of 
circular array antennas according to TLS-ESPRIT. 

[0048] In addition, the method and device for determining 
the distributed signal sources of the base station may per- 
form 1-D searching (i.e., 1-dimensional searching) by 2q 
times when q distributed signal sources exist by estimating 
the primary central vertical angles of the distributed signal 
sources, and sequentially performing estimation of the cen- 
tral horizontal angles of the distributed signal sources using 
the primary central vertical angles and estimating the central 
vertical angles of the distributed signal sources using the 
estimated central horizontal angles on each distributed sig- 
nal source. 

[0049] Furthermore, the method and device for determin- 
ing the distributed signal sources of the base station may 
estimate the primary central vertical angles of the distributed 
signal sources, convert the 2-D cost function into the 1-D 

cost function for the central horizontal angle variables by 
inputting the primary central vertical angles of the distrib- 
uted signal sources to the 2-D cost function, calculate the 
solutions making the 1-D cost function have the maximum 
(i.e., the central horizontal angles), convert the 2-D cost 
function into the 1-D cost function for the central vertical 
angle variables by inputting the calculated central horizontal 
angles to the 2-D cost function, and calculate the solutions 
making the 1-D cost function have the maximimi (i.e., the 
central vertical angles). Calculation of the 1-D function may 
be easier than calculation of the nonlinear 2-D function. As 
a result, complexity of calculation for estimating the signal 
arrival directions of the distributed signal sources may be 
reduced, and loads on the base station may be reduced for 
estimating the signal arrival directions of the distributed 
signal sources. 

[0050] Embodiments of the present invention may be 
embodied in several forms without departing from the spirit 
or essential characteristics thereof. It should also be under- 
stood that the above -described embodiments are not limited 
by any of the details of the foregoing description, unless 
otherwise specified, but rather should be construed broadly. 
Therefore, all changes and modifications that fall within the 



metes and bounds of the claims, or equivalence of such 
metes and bounds are therefore intended to be embraced by 
the appended claims. 

What is claimed is: 

1. A device to determine distributed signal sources, com- 
prising: 

a pair of array antennas; 

a preprocessing unit to estimate a primary central vertical 
angle of the distributed signal source from the pair of 
circular array antennas; 

a central horizontal angle searching unit to estimate a 
central horizontal angle of the distributed signal source 
based on the estimated primary central vertical angle; 
and 

a central vertical angle searching unit to estimate a central 
vertical angle of the distributed signal source based on 
the estimated central horizontal angle. 

2. The device of claim 1, wherein two axes of the pair of 
array antennas are disposed on a same line and the array 
antennas are maintained a predetermined distance apart from 
each other, and the pair of array antennas include sensors. 

3. The device of claim 2, wherein the predetermined 
distance comprises a multiple of a wavelength. 

4. The device of claim 1, wherein the preprocessing unit 
estimates the primary central vertical angle of the distributed 
signal source received by the pair of array antermas based on 
TLS-ESPRIT. 

5. The device of claim 1, wherein the central horizontal 
angle searching unit generates a first 1 -dimensional cost 

function for a central horizontal angle variable by using the 
primary central vertical angle as a value of a central vertical 
angle variable in a 2-dimensional cost function for the 
central vertical angle variable and the central horizontal 
angle variable, and the central horizontal angle searching 
unit estimates the central horizontal angle of the distributed 
signal source based on the first 1-dimensional cost function 
having a maximum value. 

6. The device of claim 1, wherein the central vertical 
angle searching unit generates a second 1-dimensional cost 
function for a central vertical angle variable by using the 
estimated central horizontal angle as a value of a central 
horizontal angle variable in a 2-dimensional cost function 
for the central vertical angle variable and the central hori- 
zontal angle variable, and the central horizontal angle 
searching unit estimates the central vertical angle of the 
distributed signal source based on the second 1-dimensional 
cost function having a maximum value. 

7. The device of claim 1, further comprising a control unit 
to form a beam in a signal arrival direction of the distributed 
signal source by using the estimated central vertical angle 
and the estimated central horizontal angle. 

8. The device of claim 1, wherein the pair of array 
antennas comprises a pair of circular array antennas. 

9. A method of determining distributed signal sources, 
comprising: 

receiving the distributed signal sources; 

estimating primary central vertical angles of the received 
distributed signal sources; 
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estimating a central horizontal angle of one distributed 
signal source based on the estimated primary central 
vertical angle; and 

estimating a central vertical angle of the distributed signal 
source based on the estimated central horizontal angle. 

10. The method of claim 9, further comprising sequen- 
tially performing the estimating the central horizontal angle 
and the estimating the central vertical angle for each of the 
distributed signal sources. 

11. The method of claim 9, wherein the distributed signal 
sources are received by sensors on a pair of circular array 
antennas. 

12. The method of claim 11, wherein two axes of the pair 
of circular array antennas are disposed on a same line and 
each of the antennas are spaced a predetermined distance 
apart from each other. 

13. The method of claim 12, wherein the predetermined 
distance comprises a multiple of a wavelength. 

14. The method of claim 11, wherein estimating the 
primary central vertical angles comprises estimates the 
primary central vertical angles of the distributed signal 
sources received by each sensor of the pair of circular array 
antennas according to TLS -ESPRIT. 

15. The method of claim 9, wherein estimating the central 
horizontal angle of the distributed signal source comprises: 

converting a 2-dimensional cost function for central ver- 
tical angle variables and central horizontal angle vari- 
ables into a first 1 -dimensional cost function for the 
central horizontal angle variables; and 

estimating the central horizontal angle of the distributed 
signal source making the first 1 -dimensional cost func- 
tion have a maximum value. 

16. The method of claim 15, wherein converting the 
2-dimensional cost function to the first 1-dimensional cost 
function involves using the primary central vertical angle to 
the 2-dimensional cost function for the central vertical angle 
variables and central horizontal angle variables as a value of 
the central vertical angle variable. 

17. The method of claim 15, wherein estimating the 
central vertical angle of the distributed signal source com- 
prises: 

converting a 2-dimensional cost function for central ver- 
tical angle variables and central horizontal angle vari- 
ables into a second 1-dimensional cost function for the 
central vertical angle variables; and 

estimating the central vertical angle of the distributed 
signal source based on the second 1-dimensional cost 
function having a maximum value. 

18. The method of claim 17, wherein converting the 
2-dimensional cost function into the second 1-dimensional 
cost function involves using the estimated central horizontal 
angle in the 2-dimensional cost function for the central 
vertical angle variables and central horizontal angle vari- 
ables as a value of the central horizontal angle variables. 

19. An apparatus comprising: 

a plurality of array antennas having a plurality of sensors; 

an estimating device to estimate a central vertical angle of 
a signal received by the plurality of sensors; and 

a control device to form a beam in a direction based on the 
estimated central vertical angle. 



20. The apparatus of claim 19, wherein the estimating 
device comprises: 

a preprocessing unit to estimate a primary central vertical 
angle of the signal from the pair of array antennas; 

a central horizontal angle searching unit to estimate a 
central horizontal angle of the signal based on the 

estimated primary central vertical angle; and 

a central vertical angle searching unit to estimate a central 
vertical angle of the signal based on the estimated 
central horizontal angle. 

21. The device of claim 20, wherein the preprocessing 
unit estimates the primary central vertical angle of the 
distributed signal source received by the pair of array 
antennas based on TLS -ESPRIT 

22. The device of claim 19, wherein two axes of the pair 
of array antennas are disposed on a same line and the array 
antennas are maintained a predetermined distance apart from 
each other, and the pair of array antennas include sensors. 

23. The device of claim 22, wherein the predetermined 
distance comprises a multiple of a wavelength. 

24. The device of claim 19, wherein the pair of array 
antennas comprises a pair of circular array antennas. 

25. The device of claim 19, wherein the device comprises 
a base station. 

26. A method comprising: 

receiving a signal at a plurality of locations; 

estimating a central vertical angle of the signal received at 

the plurality of locations; and 

forming a beam in a direction based on the estimated 
central vertical angle. 

27. The method of claim 26, wherein estimating the 

central vertical angle comprises: 

estimating primary central vertical angles of the received 

signals; 

estimating a central horizontal angle of one distributed 
signal source based on the estimated primary central 
vertical angle; and 

estimating the central vertical angle of the distributed 
signal source based on the estimated central horizontal 
angle. 

28. The method of claim 27, further comprising sequen- 
tially performing the estimating the central horizontal angle 
and the estimating the central vertical angle for each of a 
plurality of distributed signal sources. 

29. The method of claim 27, wherein estimating the 
primary central vertical angles comprises estimates the 
primary central vertical angles of the signals received by 
each sensor of a pair of array antennas according to TLS- 
ESPRIT. 

30. The method of claim 27, wherein estimating the 
central horizontal angle of the signal comprises: 

converting a 2-dimensional cost function for central ver- 
tical angle variables and central horizontal angle vari- 
ables into a first 1-dimensional cost function for the 
central horizontal angle variables; and 

estimating the central horizontal angle of the signal mak- 
ing the first 1-dimensional cost function have a maxi- 
mum value. 
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31. The method of claim 30, wherein converting the 
2-dimeiisional cost function to the first 1 -dimensional cost 
function involves using the primary central vertical angle to 
the 2-dimensional cost function for the central vertical angle 
variables and central horizontal angle variables as a value of 
the central vertical angle variable. 

32. The method of claim 31, wherein estimating the 
central vertical angle of the signal comprises: 

converting a 2-dimensional cost function for central ver- 
tical angle variables and central horizontal angle vari- 
ables into a second 1 -dimensional cost function for the 
central vertical angle variables; and 



estimating the central vertical angle of the distributed 
signal source based on the second 1 -dimensional cost 
function having a maximum value. 

33. The method of claim 32, wherein converting the 
2-dimensional cost function into the second 1 -dimensional 
cost function involves using the estimated central horizontal 
angle in the 2-dimensional cost function for the central 
vertical angle variables and central horizontal angle vari- 
ables as a value of the central horizontal angle variables. 



